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Abstract

The efficacy of stereotactic radiotherapy (SRT) has been well established for postoperative 
residual and recurrent nonfunctioning pituitary adenomas (NFPAs). However, the risk of 
visual impairment due to SRT for lesions adjacent to the optic pathways remains a topic of 
debate. Herein, we evaluated the long-term clinical outcomes of hypofractionated stereotac-
tic radiotherapy (HFSRT) for perioptic NFPAs. From December 2002 to November 2015, 
32 patients (18 males and 14 females; median age 63 years; range, 36–83 years) with residual 
or recurrent NFPAs abutting or displacing the optic nerve and/or chiasm (ONC) were treated 
with HFSRT. The median marginal dose was 31.3 Gy (range, 17.2–39.6) in 8 fractions (range, 
6–15). Magnetic resonance imaging (MRI) and visual and hormonal examinations were 
performed before and after HFSRT. The median follow-up period was 99.5 months (range, 
9–191). According to MRI findings at the last follow-up, the tumor size had decreased in 
28 (88%) of 32 patients, was unchanged in 3 (9%), and had increased in 1 (3%). The successful 
tumor size control rate was 97%. Visual functions remained unchanged in 19 (60%) out of 
32 patients, improved in 11 (34%), and deteriorated in 2 (6%). Two patients had deteriorated 
visual functions; no complications occurred because of the HFSRT. One patient developed 
hypopituitarism that required hormone replacement therapy. The result of this long-term 
follow-up study suggests that HFSRT is safe and effective for the treatment of NFPAs occur-
ring adjacent to the ONC.

Keywords: hypofractionated stereotactic radiotherapy, long-term outcomes, nonfunctioning pituitary 
adenomas, optic chiasm, optic nerve
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Introduction

Pituitary adenomas represent 19.2% of primary 
brain tumors and approximately half of these are 
nonfunctioning pituitary adenomas (NFPAs).1) Surgical 
removal, mainly through a transsphenoidal approach, 
is usually the first choice of treatment for NFPAs; 
however, residual or regrown tumors after surgery 
are often treated with radiation therapy, especially 
stereotactic radiotherapy (SRT).2–4)

The efficacy and safety of SRT for NFPAs have 
been reported.5–8) However, SRT for lesions adjacent 
to the optic nerve and/or chiasm (ONC) is associated 
with a potential risk for radiation-induced visual 
disturbance. The total dose to cause radiation-in-
duced optic neuropathy in 5% of patients in 5 years 
is reported to be 50 Gy,9) and a single radiation 
dose of 8–10 Gy is tolerable for the ONC.10) There-
fore, a balance between tumor control and ONC 
tolerance for radiation10–12) needs to be considered 
during treatment. Stereotactic radiosurgery (SRS) 
with a single irradiation strategy, such as usual 
gamma knife therapy, may have limitations; thus, 
fractionated stereotactic radiotherapy (FSRT)13–15) 
using LINAC has been applied for near-ONC lesions, 
and this has a benefit of reducing the irradiation 
dose/shot and allows for more flexible planning of 
irradiation angles and fraction numbers.10) Previous 
reports of FSRT demonstrated that this is safe and 
achieves an acceptable tumor control rate; however, 
a long treatment period (5–6 weeks) is required to 
apply 23–28 fractions of 1.8–2.0 Gy/shot to achieve 
a total dose of 46–50.4 Gy.

Recently, hypofractionated stereotactic radiotherapy 
(HFSRT) using higher dose/shot and fewer fraction 
numbers than FSRT has been increasingly applied 
for NFPAs5,16–18) with sufficient tumor control and 
preservation of visual function.17,18) However, the 
effect of HFSRT has not been well investigated in 
tumors that touch and compress the ONC.

The purpose of this study was to retrospectively 
assess the outcomes of patients treated with HFSRT 
for NFPAs which are touching to or compressing 
the ONC, with a special focus on long-term outcomes.

Methods

Patient cohort
A retrospective review of the HFSRT database of 

our hospital was performed to identify patients with 
NFPAs that touched or compressed the ONC, who 
were treated with HFSRT between 2002 and 2015. 
All patients with postoperative residual or recurrent 
NFPA who underwent the first radiation therapy at 
our institution were included. This study conforms 

to the STROBE reporting criteria for a retrospective 
cohort study.

In all, 32 cases were included in this study. The 
principal strategy at our hospital for the management 
of residual or recurrent tumors after first surgical 
removal is to repeat the surgical removal. HFSRT 
was performed as an alternative treatment for patients 
with poor general condition, elderly, or based on 
patient’s request.

Previous surgical and medical histories for NFPA, 
treatment outcomes, and complications were obtained 
with retrospective review of the institutional medical 
records.

Patient demographics and HFSRT prescriptions 
are summarized in Table 1. According to magnetic 
resonance imaging (MRI) findings, tumor–ONC 
relationships were classified into the following two 
types: “touching (no deformity or misalignment of 
the ONC on MRI)” and “compressing (deformity 
and/or misalignment of the ONC on MRI),” as 
described in Table 1.

Institutional Review Board approval, including a 
waiver for informed consent, was obtained for this 
study.

Radiosurgical technique
HFSRT was performed with Clinac 600C (Valian 

Co., Palo Alto, CA USA) until 2014 and with Novalis 
(Brainlab Co., Tokyo, Japan) thereafter. On the day 
of HFSRT, a stereotactic headframe was placed on 
the patients by a neurosurgeon. A fusion image of 
high-resolution gadolinium-enhanced MRI and 
non-contrasted computed tomography of the brain 
was evaluated to plan the treatment according to 
the software of either machine. Planning target 
volume (PTV) was estimated to cover the gross 
tumor volume (GTV) with a 0–2 mm 3D margin. 
The marginal dose was approximately 30 Gy, applied 
in 7 fractions, with variation as shown in Table 1.

The radiation dose was directed to the periphery 
of the lesion. Prescribed isodoses were selected 
individually for each patient, ideally to cover >95% 
of the target volume. Selection of the total tumor 
dose, number of fractions, and the prescribed isod-
oses varied depending on the size, shape, and 
location of the tumor. Lenses, eyes, optic nerves, 
optic chiasm, and other lesions were contoured as 
organs at risk. Depending on these factors and the 
relationship between the tumor and the ONC, the 
irradiation area was reduced, and the three- 
dimensional (3D) margin was adjusted in the area 
adjacent to the ONC. The equivalent dose for 2 Gy 
dose per fraction (EQD2) was calculated using the 
linear quadratic model, and the central dose was 
set such that the EQD2 at ONC was within 50 Gy.
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Dosimetric data were obtained from the treatment 
planning software. The prescription dose and special 
relationship to ONC were recorded by taking a 
picture every time.

Follow-up procedures
Patients were scheduled for a follow-up that 

included MRI, endocrinologic, and ophthalmologic 
examinations every 3 months for a year after 
HFSRT, approximately every 6 months for the 
next 2 years, and every year thereafter. Ophthal-
mological tests to assess visual acuity and visual 
fields were performed when there were any 
changes in subjective symptoms, physical findings, 
or tumor enlargement on imaging. In case of any 
changes in clinical symptoms, patients were 
instructed to return as needed. Long-term follow-up 
data were recorded from the most recent medical 
record, including for one patient who died due 
to heart failure and six patients who were lost 
to follow-up.

Treatment outcomes
Treatment outcomes were evaluated in terms of 

changes in tumor size on MRI, as well as visual 

function, including visual acuity, Goldman visual 
field examinations, and endocrinological evaluation.

MRI was performed using a 1.5T system (Signa 
HDxt, GE Healthcare, Chicago, IL, USA) or 3.0T 
system (Discovery MR 750w, GE Healthcare) with 
an 8-channel phased-array coil. Axial and coronal 
T2-weighted (repetition time/echo time, 500/14 m/s; 
flip angle, 90°; field of view, 18 × 20.3 cm; matrix, 
256 × 192; slice thickness, 2.5 or 3.0 mm; and slice 
interval 3 mm) and T1-weighted contrast-enhanced 
images (repetition time/echo time, 500/14 m/s; flip 
angle, 90°; field of view, 18 × 20.3 cm; matrix, 256 
× 192; slice thickness, 2.5 or 3.0 mm; and slice 
interval 3 mm) were obtained. Meglumine gadopen-
tetate (Magnevist Syringe, Bayer Schering Pharma; 
0.2 mL/kg of body weight) was used as the contrast 
agent. Changes in maximum tumor size by ≥2 mm 
on MRI were regarded as an increase or decrease 
in tumor size, according to our previous report.19)

Normal visual function before HFSRT was defined 
as corrected vision ≥0.7, with no visual field deficit. 
An improvement in visual acuity was defined as 
an increase of 0.2 or more in corrected visual acuity, 
whereas an exacerbation of visual acuity was defined 
as a decrease of 0.2 or more in corrected visual 

Table 1 Patient characteristics and HFSRT prescriptions

Total 32

Median age (range), years 63 (36–83)

Gender, male/female 18/14

Median follow-up time (range), months 99.5 (10–191)

Postoperative residual component/postoperative re-increase 19/13

Median interval between final surgery and HFSRT (range), months 8 (1–152)

Median tumor volume (range), cm3 5.33 (1.09–62.66)

Cavernous sinus infiltration (%) 17 (53%)

Relationship between the tumor and ONC

 Touching (with visual symptoms) 10 (7)

 Complessing (with visual symptoms) 22 (18)

Prescribed median marginal dose (range), Gy/fraction number

 33.5/6 1

 28.4(17.2–33.1)/7 9

 30.8(22.1–34)/8 7

 30.4(30.2–31.7)/9 3

 32.9(29.6–34.3)/10 8

 37.4/11 1

 35.7/14 1

 38.5(37.4-39.6)/15 2

Touching: the tumor is touching to the ONC without deformity or displacement of the ONC. 
Compressing: the tumor is compressing the ONC with deformity and/or displacement of the 
ONC. HFSRT: hypofractionated stereotactic radiotherapy, ONC: optic nerve and/or chiasm.
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acuity, both compared with pre-HFSRT data at 
follow-up. Changes in the visual field were quali-
tatively judged from Goldman visual field data.

Endocrinological evaluations included the level 
of serum adenohypophyseal hormone concentrations 
and their corresponding clinical symptoms. Decreased 
levels of hormones with corresponding symptoms 
were considered reflective of hypopituitarism.

Statistical analysis
The chi-square test was used to assess the differ-

ences of the treatment outcome between the “touching” 
and “compressing” groups. In the “touching” group, 
the tumor is in contact with the ONC, and in the 
“compressing” group, the tumor is more than 2 mm 
in pressure drainage of the ONC. Time-to-event 
outcomes beginning at the date of HFSRT were 
estimated using the Kaplan–Meier method, and the 
stratified outcomes between the two groups were 
compared using the log-rank test. The time of the 
last follow-up was considered to be the endpoint. 
P values ≤ 0.05 were considered statistically signif-
icant. All statistical analyses were performed with 
EZR (Saitama Medical Center, Jichi Medical Univer-
sity, Saitama, Japan), a graphical user interface for 
R (The R Foundation for Statistical Computing, 
Vienna, Austria). More precisely, EZR is a modified 
version of R commander designed to add statistical 
functions frequently used in biostatistics.20)

Results

Overall outcomes
A total of 32 patients were included, 18 males 

and 14 females, with a median age of 63 years 
(range: 36–83 years). At the end of the median 
follow-up period of 99.5 months (range: 9–191 
months), 28 (88%) lesions reduced in size, 3 (9%) 
lesions were unchanged, and 1 (3%) lesion increased, 
resulting in a 97% success rate in the control of 
tumor size. Visual function (either vision or visual 
fields, or both) improved in 11 (34%) patients, 
remained unchanged in 19 (59%), and deteriorated 
in 2 (6%) patients.

Seven of 32 patients required hormone replace-
ment therapy before HFSRT, and 15 had normal 
pituitary function. Of the latter, one patient with 
normal pituitary function developed hypopituitarism, 
requiring hormone replacement therapy, 9 months 
after irradiation. This patient showed a transient 
increase in the cystic component of the tumor after 
irradiation compressing the normal pituitary gland.21)

In patients with relatively large residual tumors, 
defined as tumors with an approximate size >1 cm, 
HFSRT was offered when the mass had sufficiently 

shrunk on MRI (19 patients), and in most patients 
this occurred several months postoperatively. In 
patients with smaller residual tumors or recurrence 
after total resection, HFSRT was offered when 
regrowth/recurrence was confirmed (13 patients), 
and in most patients, this was more than 1 year 
after the first surgery.

Thus, in patients who underwent HFSRT within 
12 months postoperatively, the former was mostly 
the case (78%). In contrast, 79% of patients who 
received HFSRT 12 months or later postoperatively 
had the latter. The actual time interval between the 
first surgery and HFSRT was also influenced by the 
time needed for patients to consent to treatment 
(several weeks to several months).

Outcome of visual function in patients with tumor 
“touching” the ONC

Out of 10 cases with tumors “touching” the ONC 
(Table 2A), three cases showed normal visual function 
before HFSRT and seven cases had impaired vision 
and/or visual fields. In the latter, symptoms were due 
to residual visual impairment after the first surgery 
in six cases and due to glaucoma in one case.

After HFSRT, a reduction in tumor size was 
observed in eight cases and no change in two cases. 
Visual function was stable (eight cases) or improved 
(two cases), and none of the cases showed worsening 
during the follow-up period.

Outcome of visual function in patients with tumor 
“compressing” the ONC

Out of the 22 “compressing” cases (Table 2B), 17 
cases showed dysfunction at the time of HFSRT in 
either their visual acuity or visual fields (12 cases 
as a sequela of the previous surgery and 5 cases 
due to tumor enlargement after the surgery).

After HFSRT, 20 tumors showed reduction in 
size, and one of each showed no change and enlarge-
ment, respectively. Visual dysfunction improved in 
9 cases, remained unchanged in 11, and deteriorated 
due to tumor enlargement in 1 case and cataract 
exacerbation in another case.

The median time from surgery to irradiation for 
the 9 improved cases was 4 months (1–44 months) 
(Fig. 1A), whereas it was 14 months (3–72 months) 
for the 11 patients with unchanged visual function 
(Fig. 1B). One tumor enlargement was due to an 
insufficient radiation dose to a part of the tumor 
(Fig. 1C).

Kaplan–Meier curve for tumor size changes: 
“touching” vs. “compressing”

After HFSRT, 80% of both the “touching” and 
“compressing” groups showed tumor shrinkage 

Neurol Med Chir (Tokyo) 61, July, 2021



A. Hata et al.408

(defined as >2 mm reduction in the maximum 
diameter) within 50–60 months, and there was no 
significant difference between the groups (Fig. 2).

Discussion

In this study, we used a marginal dose of 30 Gy 
with 7 fractions as a basic plan for the treatment 
of NFPAs. The dose and fraction numbers were 
qualitatively adjusted; for large tumors or tumors 
compressing the ONC, the dose per fraction was 
reduced to 2.5 Gy, and the number of fractions was 
increased up to 15. This meticulous planning resulted 
in a good tumor control rate and preservation of 
visual function (Table 3).

To the best of our knowledge, no previous report 
has assessed the relationship between tumor–ONC 

compression status before HFSRT and post-treatment 
changes in visual function. This study divided 
tumor–ONC compression status into “touching” and 
“compressing.” Seven of the 10 patients with tumors 
“touching” the ONC had visual dysfunction before 
HFSRT, which did not improve even after reduction 
in tumor size in five patients. We speculate that 
the visual dysfunction of the “touching” group 
patients was mostly permanent residual deficit due 
to initial tumor compression and/or surgical manip-
ulation. There was no aggravation of visual function 
after HFSRT.

Seventeen out of 22 patients with compression 
had visual dysfunction before HFSRT, which improved 
in 9, remained unchanged in 7 cases, and worsened 
due to cataract in 1 case, with reduction in tumor 
size in every case. The remaining five patients in 

Table 2A Outcome of visual function after HFSRT in patients with the 
tumor “touching” the optic nerve and/or chiasm (n = 10)

Visual function Changes in tumor 
size after HFSRTBefore HFSRT After HFSRT

Normal 3 Unchanged 3 Reduced 2

Unchanged 1

Decreased visual acuity 2 Unchanged 1 Reduced 2

Improved 1

Visual field deficits 1 Unchanged 1 Reduced 1

Both disturbances 4 Unchanged 3 Reduced 3

Improved 1* Unchanged 1

*Due to improved glaucoma.

Table 2B Outcomes of visual function after HFSRT in patients with the 
tumor compressing the optic nerve and/or chiasm (n = 22)

Visual function Changes in tumor 
size after HFSRTBefore HFSRT After HFSRT*

Normal 5** Unchanged 4 Reduced 3

Unchanged 1

Worsened 1 Enlarged 1

Decreased visual acuity 0 – – – –

Visual field deficits 9** Improved 5 Reduced 9

Unchanged 4

Both disturbances 8 Improved 4 Reduced 8

Unchanged 3

Worsened 1***

*Four patients did not have visual acuity data after HFSRT and judged from 
visual field data only. **One of these each did not have visual acuity data. 
***Due to worsened cataract.
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Fig. 1A Axial (a) and coronal (b) Gd-enhanced MRI superimposed with isodose distributions of HFSRT in a 
case of a “compressing” tumor. A 62-year-old man had bilateral inferno-lateral quadrant hemianopsia and under-
went TSS in his previous hospital, with partial removal of the tumor compressing the chiasm upwards. This 
resulted in only partial damage due to severe fibrosis. HFSRT for the residual tumor was performed two months 
after surgery (GTV, 2.1 mL; PTV, 3.0 mL; marginal dose, 28.1 Gy/7 fr). EQD2 to ONC was 47 Gy. Gd-enhanced 
coronal MRIs before (c) and 9 years after (d) HFSRT showing a decreased tumor size and reduced compression 
of the chiasm, with normalization of his visual field impairment (e, f). EQD2: equivalent dose for 2 Gy dose per 
fraction, Gd: gadolinium, GTV: gross tumor volume, HFSRT: hypofractionated stereotactic radiotherapy, MRI: 
magnetic resonance imaging, PTV: planning target volume, TSS: transsphenoidal surgery. 
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Fig. 1B Axial (a) and coronal (b) Gd-enhanced MRI superimposed with isodose distributions of HFSRT of another 
case of a “compressing” tumor. A 79-year-old man was blind to the left side due to cataract. Pituitary adenoma 
was found incidentally; however, examinations showed impaired visual acuity (0.7) and inferno-lateral quadrant 
hemianopsia of the right eye. The tumor was partially removed through TSS. Four years later, HFSRT was 
performed for growing tumor (c) with 5.6 mL GTV, PTV 9.1 mL PTV, and a marginal dose of 30.2 Gy in nine 
fractions. EQD2 to ONC was 46.7 Gy. Gd-enhanced coronal MRIs before (c) and 4 years after (d) HFSRT showing 
a decrease in tumor size, but visual field dysfunction remained unchanged (e, f).  EQD2: equivalent dose for 2 Gy 
dose per fraction, Gd: gadolinium, GTV: gross tumor volume, HFSRT: hypofractionated stereotactic radiotherapy, 
MRI: magnetic resonance imaging, PTV: planning target volume, TSS: transsphenoidal surgery. 
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Fig. 1C Axial (a) and coronal (b) Gd-enhanced MRI superimposed with isodose distributions of HFSRT in another 
case of a “compressing” tumor. This 41-year-old male patient complained of diminished vision on the right side 
(0.2) and bilateral inferno-lateral quadrant hemianopsia. The tumor was partially removed with TSS. His visual 
function fully recovered with vision of 1.2; however, the residual tumor was relatively large and consent for 
reoperation was not obtained. HFSRT was performed for the residual tumor three months after surgery (GTV, 
11.6 mL; PTV, 19.3 mL; marginal dose, 17.2 Gy/7 fr). EQD2 to ONC was 34.1 Gy. The upper part of the tumor 
extended between the two optic nerves, which forced us to reduce the radiation dose to this area. Gd-enhanced 
coronal MRIs before (c) and 3.5 years after (d) HFSRT showing enlargement of the tumor to compress the chiasm 
upwards, and the patient had 1/4 right-year-side blindness (e, f). Thereafter, TSS was performed twice, and visual 
field dysfunction was normalized. EQD2: equivalent dose for 2 Gy dose per fraction, Gd: gadolinium, GTV: gross 
tumor volume, HFSRT: hypofractionated stereotactic radiotherapy, MRI: magnetic resonance imaging, PTV: plan-
ning target volume, TSS: transsphenoidal surgery. 
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the “compressing” group had normal visual function 
before HFSRT, which remained unchanged after 
treatment. No aggravation of visual function due to 
HFSRT was again observed.

The reduction rate in tumor size of the “compressing” 
group was 91%, similar to that of the “touching” 
group. In general, there is a risk of visual aggrava-
tion when a tumor compresses the ONC.14) Our 
results indicate no difference between the “touching” 

and “compressing” groups in the long-term outcomes 
in terms of visual function as well as tumor control 
rate, pointing to the superior effect and safety of 
HFSRT.

Of the nine patients in the “compressing” group 
who showed improved visual function, eight under-
went HFSRT within 10 months of their surgery. In 
contrast, all seven patients of the “compressing” 
group, who showed no change of visual function, 
underwent HFSRT more than 12 months after their 
surgery. This suggests that in cases of compression, 
the duration of compression may influence recovery 
after HFSRT. In a report using gamma knife for 
NFPA, patients submitted to gamma knife treatment 
within 6 months after surgery showed a lower 
complication rate and similar tumor control rate 
than those treated later than 6 months.6,7) Whether 
or not early HFSRT is superior to late HFSRT 
warrants further investigation.

A reduction in tumor size, observed in most cases 
in this study, regardless of the relationship with 
the ONC, occurred within 50 months after HFSRT 
and reached plateau levels within 100 months. 
Therefore, long-term follow-up research should 
extend beyond 50 months to evaluate tumor reduc-
tion in tumor size outcomes.

The limitations of this study include its small 
number of cases, especially when divided into two 
groups, as well as its retrospective design. In addi-
tion, the effect of irradiation on visual functions 
was also difficult to evaluate in detail, because 
many patients in this study had visual dysfunction 
before HFSRT and its duration and severity were 

Fig. 2 A Kaplan–Meier curve for tumor size reduction 
(defined as more than 2 mm reduction of the maximum 
diameter) after HFSRT showing no significant difference 
between groups. HFSRT, hypofractionated stereotactic 
radiotherapy. 

Table 3 Summary of the local controlrates from the previously reported studies of pituitary adenomas treated  
with HFSRT

No of cases 
(NF:F)

Median  
follow-up 

(range), months

Prescribed 
median marginal 
dose (range), Gy/

fractions

Tumor 
control 
rate, %

Radiation-induced late  
adverse events

Visual  
disturbance

Hypopituitarism 
requiring hormone 

replacement therapy

Killory et al. (2009) 20 (14:6) 26.6 (10.5–41) 25/5 100 1 transient 
diplopia

1

Iwata et al. (2011) 100 (NF only) 33 (18–118.5) 21 (17–25)/3–5 98 1 grade 
2 visual 
disorder*

0

Liao et al. (2014)** 34 (21:13) 36.8 (16–72) 21/3 100 1 transient 
diplopia

0

Puataweepong et al. 
(2016)

40 (27:13) 37.7 (14–71) 25 (20–35)***/3–5 97.5 None 0

Present study** 32 (NF only) 99.5 (10–191) 31 (17–40)/6–15 97 None 1

NF: nonfunctioning tumor, F: functioning tumor. *Common terminology criteria for adverse events(CTCAE) grade2. **Using 
Novalis as the SRT system, the others using CyberKnife. ***total dose.

Neurol Med Chir (Tokyo) 61, July, 2021



Radiotherapy for Pituitary Adenomas 413

widely different between patients. Further prospec-
tive studies with a relatively large patient cohort 
are required for the validation of our results.

Conclusion

HFSRT for residual or recurrent NFPAs adjacent 
to the ONC is an effective and safe treatment 
strategy with a high tumor control rate and excel-
lent postoperative preservation of visual functions. 
Further long-term follow-up research is warranted 
to demonstrate the long-term safety and efficacy 
of HFSRT.
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